Abstract: Existing valve spring designs are using the deterministic optimization method without considering the uncertainties in manufacturing and assembling process. We propose to take them into account at an early design stage in order to ensure robustness which is less sensitive to the uncertainties of design parameters. A mathematic model on a valve spring is performed. The optimization objective is minimum mass and higher defending resonate performance. Optimization results are solved using the Genetic Algorithm. Considering the random error, the robustness of the optimization results on the valve spring is analyzed and the valve spring is not robust. The valve spring is designed again using the Taguchi method and the robustness is improved.
Introduction
A valve spring is a cylindrical helical spring, which is in general designed by a traditional optimization method. However, design results based on the traditional optimization method are often at the edge of the value range, and a tiny uncertainty change may lead to design failure. Therefore a traditional deterministic optimization method is not enough to ensure the robustness of result. In the early design process, the Monte Carlo method can be used to rectified the product quality, and reduces the product loss as in [1] [2] . Therefore, considering the uncertainties of design variables, the robustness of a valve spring is analyzed by the Monte Carlo method. Moreover, the valve spring is designed again using the Taguchi method to improve robust performance.
Mathematical model on valve spring

Objective function
The design goal is the minimum mass and the best defending resonance of valve spring as in [3] and is expressed
where,
is the spring mass. ρ is the steel wire density, n 2 is the support turns of spring, d is the steel wire diameter, D is the spring diameter, and n is the spring working turns; is the spring frequency. ω is the weight coefficient, and the value is 0.2.
Constrain conditions
The constraints are expressed in a set of equations as followings. Equation (2) is the spring index; equation (3) is the strength condition; equation (4) is the stability condition; equation (5) is the minimum working turns; equation (6) is the spring diameter range; equation (7) is the steel wire diameter range.
(7) Where, P is the load; K is the curvature coefficients.
Design results on valve spring
The load of valve spring is 680N, and the maximum deformation is 16.59 mm, the working frequency is 25Hz, and the material is 50 GrVA.
Three parameters of the wire diameter (d), the spring diameter (D) and the spring turns (n) are defined as design variables and optimization results are solved using the genetic algorithm. The valve spring robustness analysis based on the Monte Carlo method
Monte Carlo method
The basic steps based on the Monte Carlo method as in [4] [5] are as the followings:
(1)Determine the response surface model, expressed as the hyper surface
(2)Obtain the sample (7)Calculate the reliability using function . The maximum variation of the spring mass is 2.87%, with the spring vibration frequency is 3.6%. Fig.1 Probability density distribution (a) Spring mass; (b)Spring frequency In the design, the vibration frequency does not meet the design requirement of less 3%. Therefore the valve spring need be designed again. Figure 2 is the key factor analysis. As can be seen, the key factors on the spring mass are the steel wire diameter, the spring diameter, the spring turns in order. The key factors on the vibration frequency are the spring diameter, the steel wire diameter, and spring turns. Based on the analysis, the robust design of the spring is carried out. The controlled factors are the steel wire diameter and the spring diameter, and the noise factors are the spring turns. 
